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(54) Expandable stent having articulated connecting rods 



(57) The invention includes systems and methods 
for providing stents having expandable cylindrical ele- 
ments that are connected by articulated arms and con- 
necting rods. These stents are understood to reduce the 



shortening that can occur as the stent is expanded from 
a first radial dimension to a second radial dimension. 
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Description 

FIELD OF THE INVp NTlHM 

10001] The invention relates to an endovascular stent 
far transluminal delivery to a body lumen, such as a 
Wood vessel and. more particularly, to an endovascular 
stent that includes a plurality of cylindrical elements 
joined together by connecting elements formed as artic- 
ulated arms. The stents can comprise a deformable 
material, thereby allowing expansion of the stent by 
action of an inflatable balloon mounted at the end of a 
catheter. 

BACKGROUNn nr tuc i"YF|lT|ffl 

[0002J it is expected that there will be more than 
500 000 balloon' angioplasty procedures performed 
worldwide this year. For a typical angioplasty procedure 
the treating physician will identify an obstructed vessel 
such as a coronary artery blocked by plaque build-up' 
and then inflate a small balloon within the vessel at the 
site of the obstruction. The inflating balloon dilates the 
obstructed vessel and restarts or increases Wood flow 
through that vessel. 

[0003] Balloon angioplasty has been remarkably suc- 
cessful at opening blocked vessels and restoring nor- 
mal levels of blood flow. However, despite the initial 
success of the angioplasty treatment, long term efficacy 
is hampered by a tendency of treated vessels to re- 
close shortly after the initial procedure. K is understood 
hat in thirty to fifty percent of cases, successfully 
treated patients will suffer within three to six months a 
redosure of the dilated vessel at the site of the initial 
obstruction. Lincoff et al.. Local Drug Delivery for the 35 
Prevention of Restenosis. Circulation, vol 90 No 4 
(October 1994). The cause of restenosis is complex and 
std under study, however, it appears that restenosis 
resuHs at least in some cases, from thrombus forma- 
tion. Whatever the reason restenosis is a significant fac- 
tor m patient recovery and a common cause of repeat 
balloon angioplasty or surgical intervention 
[0004] One approach to dealing with tne problem of 
restenosis is to maintain a passage through the artery 
w* an endovascular stent The stent is a generally 
tubular device which is placed inside the Wood vessel 
after balloon angioplasty has been completed. The 
stent has sufficent strength and resiliency to resist res- 

[0005 U.S. Pat No. 4,733,665, issued March 29. 1988 

1™ d '! Cl0SeS 3 VaSCular stem «mpm»V an 
Watte tube. The stent is positioned over an Mat- 
able balloon secured to a catheter art is advanced to 
the stenosed region. Tne balloon is inflated, thereby 
expanding the stent into contact with the vessel wall 
The elastic limit of the wire mesh is exceeded when the 

o^Jf "T** 50 ,hat the stent «• 
expanded configuration. U.S. Pat No. 4.503,569. 
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issuedMar. 12, 1985 to Cotter, discloses a shape mem- 
ory alloy stent that is advanced to a stenosed region on 
a cafteter. The stent has the form of a coil spring. After 
positioning, the stent is heated with a hot fluid causing 

5 Reshape memory alloy to expand into contact with the 
Wood vessel. 

[0006] Although these known stent designs can per- 
form well, there are cases in which the stent fails to pre- 
vent restenosis. In these cases the prottem of vessel 
>« obstruction is compounded by the existence of a stent 
that is now fixed within the vessel. Additionally, the suc- 
cess of a stent to prevent restenosis depends in part on 
the ability of the stent to span across the full length of 
the lesion being treated. To the extent that the stent fails 
« to span the site of the obstruction, restenosis can occur, 
resulting in a redosure of the vessel, and the need for 
further surgical intervention. Unfortunately, with some 
stem designs the radial expansion achieved by inflating 
*e balloon leads to coincident foreshortening of the 
» stem, often resulting in the failure of the stent to span 
the lesion being treated. 

[0007] Accordingly, it is a general object of the inven- 
t»n to provide improved endovascular stents 
[0008] it is a further object of the invention to provide 
» an endovascular stent that reduces the likelihood of fail- 
ure due to tissue growth through the sides of the stent 
[0009] It is yet another object of the invention to pro- 
vide an endovascular stent which is delivered to a 
selected srte in a Wood vessel and which is released 
so from the inflatable balloon and attached to the blood 
vessel by the application of energy through the wall of 
the balloon. 



SUMMARY r>P THE INVFMTIQM 



[0010] An intraluminal stent of the present invention is 
defined in daim 1. Methods for forming an expandable 
intraluminal stent are defined in daims 13 and 17 
[0011] Various embodiments of the invention are 
« described herein, including intraluminal stents and 
methods for performing angioplasty that employ intralu- 
minal stents suitable for being placed within a body 
lumen such as a cardiac artery, for treating a lesion or 
other obstruction within the artery. In one embodiment 
« the stents include a plurality of sinusoidally-shaped coils 
wh.ch are interconnected by a set a connecting ele- 
ment^ m which some of the connecting elements are 
formed as articulated arms, and others of the connect- 
ing elements are formed as substantially straight con- 
so necting rods The connecting elements interconnect the 
sinusoidal coils to provide an expandable stent that has 
reduced foreshortening upon expansion, and thereby 
provides improved performance. 
[0012] In one aspect the invention is understood as 
55 flT^ 3 " 6 imralumi ™>< stent for implanting in a 
body lumen. The stent can comprise a first cylindrical 
element that is adapted for expanding from a first radial 
dimension to a second radial dimension, a second cylin- 
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drical element adapted for expanding from a first radial 
dimension to a second radial dimension, and being 
positioned adjacent and spaced away from the first 
cylindrical element to define a longitudinal axis extend- 
ing through the first and second cylindrical elements. 
The stent further includes an articulated arm that joins 
the first and second cylindrical elements as well as a 
substantially straight connecting rod that joins the first 
and second cylindrical elements, thereby providing a 
stern that can respond to a force acting radially outward 
to expand the stent from the first radial dimension to the 
second radial dimension. 

[001 3) In one embodiment, the stems include cylindri- 
cal elements that can have a shape which facilitates 
expansion. In one example, the cylindrical elements 
have a sinusoidal shape with a plurality of peaks and 
troughs. The sinusoidal shape of the cylindrical ele- 
ments is understood to allow for the expansion of the 
cylindrical elements from a first radial diameter to a sec- 
ond radial diameter. However, it will be understood by 
one of ordinary skill in the art, that the cylindrical ele- 
ments can be alternatively configured for expansion 
and, for example, can have a zig-zag shape formed 
from inter-connected V-shaped elements or any other 
configuration suitable for facilitating the radial expansion 
of the cylindrical elements. In these embodiments, the 
articulated arms can join to the cylindrical elements at a 
point located between a peak and a trough, and typi- 
cally substantially mid-way between a peak and trough. 
Optionally, the articulated arms can include a section, 
such as a curved section, which increases the scaffold 
density of the stent's outer wall to provide greater cover- 
age of the tissue wall of a body lumen, such as the tis- 
sue wall of a cardiac artery. 

[0014] In one particular embodiment, each of the 
cylindrical elements is configured as a sinusoidal coil 
and the connecting rods extend between the peaks on a 
first cylindrical element to the peaks on a second cylin- 
drical element 

[001 5] In a further embodiment, the stents can include 
a graft which is formed about the peripheral surface 
defined by the cylindrical elements of the stent In this 
way, the invention is understood to provide a stent- 
graph suitable for implantation within a body lumen. The 
stents and stein-graphs described herein, typically pro- 
vide stents wherein the overall length of the stent in a 
first radial dimension is substantially the same as the 
overall length of the stent in the second larger radial 
dimension. The stents described herein can be formed 
from a substantially tubular body of a material, such as 
a biocompatible material like 316 stainless steel. Alter- 
natively, the inter-luminal stents described herein can 
be formed from a substantially flat sheet of material 
which is milled and then rolled into a cylindrical body 
and welded into a tube. The tubular bodies are milled or 
etched to have a pattern that appears as a set of cylin- 
drical elements, typically each of which has a sinusoidal 
shape, joined by connecting elements which comprise 



articulated arms and substantially straight connecting 
rods. The exterior surface of the stents described herein 
have apertures extending therethrough and typically the 
apertures are dimensionally adapted to provide wall 

5 coverage substantially capable of reducing the likeli- 
hood that biological material from the interior tissue wall 
of the lumen would extend into the interior oft he tubular 
stent This is understood to reduce the likelihood of 
thrombosis and later narrowing or closing of the body 

w lumen. 

[001 6] In another aspect, the invention is understood 
as methods for forming an expandable intraluminal 
stent These methods can comprise the steps of provid- 
ing a body of material, such as a sheet or tube of stain- 

is less steel, and cutting a pattern into the body that 
provides a first cylindrical element adapted for expand- 
ing from a first radial dimension to a second radial 
dimension, and a second cylindrical element adapted 
for expanding from a first radial dimension to a second 

20 radial dimension. The pattern disposes the second 
cylindrical element adjacent and spaced away from the 
first cylindrical element The methods can include the 
additional steps of forming articulated arms between 
the first and second cylindrical elements and forming a 

25 substantially straight connecting rod between the first 
and second cylindrical elements, whereby the connect- 
ing rods and articulated arms inter-connect the sepa- 
rate and adjacent cylindrical elements. 
[0017] The process for forming the stents described 

30 herein, can include the steps of laser milling, chemical 
etching a tubular body, or sheet of material. However, 
any suitable technique can be employed for milling a 
biologically compatible material to form the tubular 
stents described herein. Moreover, it will be understood 

35 by one of ordinary skill in the art that the cylindrical ele- 
ments can have circular, or elliptical cross-sections, or 
cross-sections of any other suitable geometry. 

BRIEF DESCRIPTION OF THE ILLUSTRATED 



[0018] For a better understanding of the invention 
together with objects, advantages and capabilities 
thereof reference is made to the accompanying draw- 
45 ings in which like reference numbers refer to like ele- 
ments: 

Figure 1 depicts a stent having a plurality of con- 
necting elements including articulated arms and 
so substantially straight connecting rods; 

Figures 2A and 2B depict in greater detail a tubular 
stent having a set of adjacent coils joined by a plu- 
rality of connecting elements including articulated 
55 arms and connecting rods; 

Figure 3 depicts an alternate technique for provid- 
ing articulated arms and connecting rods to join the 
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cylindrical elements of a stent; 



Figure 4 depicts a further alternative embodiment 
including articulated arms having curved sections 
disposed therein; and 

Figure 5 depicts in greater detail the articulated 
arms of the stein shown in Figure 4. 

DETAILED DFSCRIPTIOM np t H p ILLUSTRATE n 
EMBODIMENTS 



[001 9] The invention will now be described with refer- 
ence to certain illustrated embodiments that show 
steins suitable for delivering and implantation within a 
body lumen, such as a cardiac artery. However, it will be 
understood that the invention can be realized in other 
embodiments and for other applications, including bifur- 
cated stents, and stent^graft endoprostheses, including 
stent-grafts for treating aortic aneurysms. 
[0020] Figure 1 depicts an intravascular stent 10 
including at least a first and a second cylindrical ele- 
ment 12, articulated arms 14, and connecting rods 16. 
The depicted stent 10 has a generally tubular shape 
with an interior lumen 1 7 that is dimensionally adapted 
for receiving a balloon mounted on the end of a balloon 
catheter and for being delivered through a patient's vas- 
cular system to the site of a lesion or obstruction. The 
depicted stent 10 is an expandable intravascular stent 
that can be radially expanded from a first radial diameter 
to a second radial diameter, wherein in the second 
radial diameter the stent 10 abuts against the interior 
tissue wall of a vessel and supports the vessel to reduce 
the likelihood of collapse or obstruction. 
[0021] The depicted stent 10 can be milled from a 
tubular body of biocompatible material, such as a seam- 
less tube of 316 stainless steel. The stent 10 is approx- 
imately 15 millimeters in length, with an outer diameter 
of 1.6 millimeters and an inner diameter of approxi- 
mately 1.4 millimeters. The stainless steel material is 
melastically deformabie such that the radial force of an 
expanding balloon can increase the outer diameter of 
the stent 10 from approximately 1.6 millimeters to the 
internal diameter of the vessel. Typically, the biocompat- 
ible material is sufficiently rigid in its expanded condition 
to avoid collapse due to the force of the vessel wall act- 
ing on the exterior surface of the stent. 
[0022] Figure 2A depicts in greater detail the intercon- 
nection of the coils 12, articulated aims 14 and connect- 
ing rods 16 of the stent depicted in Figure 1 . Figure 2A 
depicts a set of six serpentine coils 12 disposed adja- 
cent to each other and interconnected by the articulated 
arms 14 and connecting rods 16. Each coil 12 has a 
serpentine, or sinusoidal, structure having a plurality of 
peaks 18 and troughs 20. Each adjacent pair of sinusoi- 
dal coils, such as the adjacent pair 12a and 12b 
depicted in Figure 2A are interconnected such that 
articulated arms 14 join to a first sinusoidal coil such as 



coil 12a, at the midpoint between one of the peaks and 
troughs of the coil 12a and the other end of the articu- 
lated arm 14 joins at the midpoint between a peak and 
a trough of the adjacent sinusoidal coil 12b. For pur- 
5 poses of describing the pattern depicted by Figure 2A it 
can be understood that each of the sinusoidal coils 1 2 is 
composed of a set U-shaped structures that are seam- 
lessly interconnected and facing alternating directions 
With this understanding, it can be seen that each of the 
w individual U-shaped members depicted in Figure 2A are 
interconnected by a pair of articulated arms 14 to an 
adjacent U-shaped member of an adjacent coil. Figure 
2A further depicts that the connecting rods 16 also act 
to join adjacent coils, such as 12a and 12b, by joining 
is either end of the connecting rod 16 to a respective one 
of the sinusoidal coils 12a and 12b. In the depicted 
embodiment, the connecting rods 16 are formed 
between the coils 12a and 12b, to what can be under- 
stood as adjacent peaks of the sinusoidal coils 12a and 
20 12b. Figure 2A further depicts that the connecting rods 
are mter-disposed within the stent pattern, connecting 
alternate pairs of adjacent troughs. It is further shown 
by Figure 2A that the alternating pattern of the connect- 
ing rods 16 can be offset between adjacent pairs of 
25 sinusoidal coils. 

[0023] Figure 2A also depicts that the articulated arms 
14 and the connecting rods 1 6, along with the cylindrical 
elements 12, define an exterior wall of the stent 10 
When expanded, the exterior wall buts against the ves- 
30 sel wall of the lumen being treated. It will be appreciated 
by one of ordinary skill, that the articulated arms 14 and 
the connecting rods 16 cooperate to provide improved 
wall coverage of the vessel wall. This is understood to 
provide a treating surgeon with greater confidence that 
^ tissue flaps hanging from the vessel wall will be held 
back against the tissue wall and prevented from extend- 
ing into the interior lumen. By reducing the likelihood 
that tissue extends into the interior lumen, it is under- 
stood that clotting within the lumen may be reduced. To 
4o this end, the connecting rods and articulated arms 
define an exterior surface with apertures sized to 
reduce the likelihood that tissue flaps will extend 
through the apertures and into the interior lumen. 
[0024] It should be understood that Figure 2A pro- 
45 vides a plane view of the outer cylindrical wall of the 
stent 10. Specifically, Figure 2A depicts the exterior sur- 
face of the tubular stent as a flat surface, as if the tubular 
stent was cut on a seam extending along its longitudinal 
axis and unrolled and made flat. The length of the stent 
so 10 that extends along the longitudinal axis is still 
approximately 15 mm. The width of the pattern depicted 
m Figure 2A is approximately 5 mm, which is the 
unrolled circumference of the stent 10 depicted in Fig- 
ure 1 that has an outer diameter of approximately 1.6 
55 mm. Each of the sinusoidal coils is approximately 2 25 
mm wide. The thickness of the metal forming the ser- 
pentine coils, and connecting elements is the same as 
the thickness of the metal tube from which the coils and 
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connecting elements are cut. For the stent 10 depicted 
in Figure 1, the thickness of the metal is approximately 
0.2 mm. 

[0025] Figure 2B shows in outline the tubular structure 
of the stent depicted in Figure 1. Specifically. Figure 2B 
shows that the patterned exterior wall of the stent 
defines a sidewall that surrounds an interior lumen. The 
sidewall has a thickness of about .1 mm and can be cir- 
cular in cross-section with an interior diameter of about 
1.4 mm. 

[0026] Figure 3 depicts a further alternative embodi- 
ment. Specifically, Figure 3 depicts a pattern for the 
sidewall of a stent that includes coils 12 which are inter- 
connected by articulated arms 14 and connecting rods 
16. As shown in Figure 3, the articulated arms 14 are 
employed to connect alternating pairs of adjacent U- 
shaped elements of the coils 12. Accordingly, in the 
embodiment of Figure 3, every other U-shaped portion 
of the coils 12 are connected by a pair of articulated 
arms. Additionally, as shown by Figure 3, the articulated 
arms 14 interconnecting the different U-shaped ele- 
ments are staggered between adjacent pairs of sinusoi- 
dal coils. The connecting rods 16 depicted in Figure 3 
are similarly disposed as those shown in Figure 2 
wherein each connecting rod 16 connects between the 
peaks of two adjacent U-shaped elements with an alter- 
nating pattern of connected U-shaped elements and 
unconnected U-shaped elements. Accordingly, in the 
embodiment of Figure 3, the stent employs a reduced 
number of articulated arms 14 for joining adjacent coils 
12. 

[0027] The depicted articulated arms 14 have two 
segments that extend substantially longitudinally, and 
which are joined together by a third segment that 
extends between the two longitudinal sections and 
which has an inclined disposition. In the illustrated 
embodiment, the articulated arms 14 connect the exte- 
rior portion of one U-shaped element to the interior por- 
tion of another U-shaped element It will be understood 
that the depicted articulated arm 14 is only one embod- 
iment of such an arm and that other embodiments can 
also be employed, including arms with more gentle 
curves between segments, with greater or fewer seg- 
ments, including an arm formed as a unitary body. Fur- 
ther, it will be understood that the depicted set of six 
serpentine coils 12 disposed adjacent to each other and 
interconnected y the articulated arms 14 and connect- 
ing rods 16 is only one embodiment of a set of coils 12 
and that other embodiments comprising a set of a differ- 
ent number of coils 12, can also be employed, including 
at least two coils 12. 

[0028] One method for forming a stent such as the 
stent 10 depicted in Figure 1 can include the steps of 
providing a flat sheet of biocompatible material, such as 
stainless steel 316, and laser milling the flat sheet of 
material to form the pattern depicted in Figure 2A. After 
milling the pattern into the sheet of material, the upper 
and lower edges of the milled sheet can be joined 



together by roiling the sheet of material about its longi- 
tudinal axis to form a cylinder The two edges of the 
rolled sheet can be joined by welding, or another suita- 
ble method for faming the stent as depicted in Figure 1 . 

5 The sheet could also be etched. Alternatively, the stent 
depicted in Figure 1 can be formed from a piece of tub- 
ing comprising a biocompatible material, again such as 
316 stainless steel. The stainless steel tube can be a 
seamless tuba which can be laser milled or chemically 

10 etched to form the pattern depicted in Figure 2A. 
[0029] The expansion properties of stainless steel are 
understood to make it an acceptable material for the 
stent 10. However, other materials are contemplated 
which include combinations of stainless steel and poly- 

is mer materials. Further, other suitable materials might 
include tungsten, platinum, gold, or combinations of 
these materials in forming the stent 10. As described 
above, the stent 10 can be formed from a flat sheet of 
material or from a single piece of tubing by chemically 

20 etching, laser cutting, or using an electronic discharge 
machine. Although any of these techniques can be 
employed for forming stents according to the invention, 
it will be understood that any techniques suitable for 
forming a stent as depicted and described herein can 

25 be practiced with the invention without departing from 
the scope thereof. 

[0030] Figure 4 depicts a further alternative embodi- 
ment of a stent that includes articulated arms and sub- 
stantially straight connecting members that are formed 

30 between adjacent sinusoidal coils to provide a stent 
suitable for implanting within a body lumen. The stent 30 
depicted in Figure 4 includes a plurality of coils 32 each 
of which are interconnected to an adjacent coil by artic- 
ulated arms 34 and substantially straight connecting 

as rods 38. The stent 30 as depicted in Figure 4 is approx- 
imately 15 mm in length, with an inner diameter of 
approximately of 1.6 mm and an outer diameter of 1.8 
mm. The stent 30 can be formed of a biocompatible 
material, such as stainless steel 316 and can be formed 

40 from a seamless tube made of stainless steel by any of 
the methods described above. Again, as with the above- 
embocfiments, the articulated arms and connecting rods 
reduce forshortening of the stent as it expands from a 
first racfial dimension, to a second larger radial dimen- 

45 sion. Accordingly, the overall length of the stent in the 
first radial dimension is substantially the same as the 
overall length of the stent in the second radial dimen- 
sion. 

[0031 ] Figure 5 depicts in greater detail the intercon- 
so nection of the sinusoidal coils 32 by the connecting 

arms 34 and substantially straight connecting rods 38. 

As shown in Figure 5, the coils 32 can be joined at their 

midpoint to the articulated arms 34 which extend 

between adjacent pairs of coils 32. Additionally, Figure 5 
55 depicts that the connecting rods 38 can extend between 

the trough portions of the U-shaped elements of the 

sinusoidal coils 32. 

[0032] Figure 5 shows in greater detail each of the 
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articulated arms 34. In particular, Figure 5 shews that 
each articulated arm 34 includes a curved section 40. 
The curved section 40 provides additional scaffold for 
the stent 30, and therefore provides increased coverage 
of the interior tissue wall of the body lumen. This 
increased coverage is understood, inter alia, to reduce 
the likelihood that loose tissue from the lesion will 
extend into the interior of the stent. This is understood to 
reduce the chance of restenosis caused by thrombosis 
which can form around the loose tissue. Figure 5 
depicts one embodiment of curved section for providing 
the stent with additional scaffold, however other 
geometries and patterns can be employed. For exam- 
ple, the curved section 40 can include S-shaped sec- 
tions, or straight sections. Additionally, it will be 
understood that the geometry of the connecting rods 38 
or the sinusoidal can also be altered to increase the 
scaffold density of the stent's peripheral wall. 
[0033] In the depicted embodiment each U-shaped 
element of each sinusoidal coil is connected to an adja- 
cent U-shaped member of an adjacent sinusoidal coil by 
a pair of articulated arms, and by a connecting rod. 
However, as described above with reference to Figures 
1 through 3, it will be understood that other techniques 
and patterns for connecting adjacent U-shaped ele- 
ments can be practiced with the invention. For example, 
alternating pairs of adjacent U-shaped elements can be 
connected by the articulated arms 40. Moreover, these 
alternating pairs of articulated arms can be staggered 
between adjacent pairs of joined sinusoidal coils. Other 30 4. 
techniques for interconnecting the sinusoidal coils for 
stents which include articulated arms and substantially 
straight connecting rods can be practiced without 
departing from the scope thereof. 
[0034] While there have been shown and described 
what are at present considered the preferred embodi- 
ments of the invention, it will be obvious to those skilled 
in the art that various changes and modifications may 
be made therein without departing from the scope of the 
invention as defined by the appended claims. These 
other modifications can include stent-graft devices, 
wherein a graft is disposed round the periphery of the 
stent. The graft can be a biocompatible sheath of mate- 
rial, such as polyester or PTFE. The design of such 
grafts is known in the art, and any suitable graft can be 
employed herewith. Additionally, the stents described 
herein can include stents that include sidewall apertures 
for forming bifurcated stents. 
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adapted for expanding from a first radial dimen- 
sion to a second radial dimension, and being 
positioned adjacent and spaced away from the 
first cylindrical element(12, 12a, 32)todefinea 
longitudinal axis extending through the first and 
second cylindrical elements, 
an articulated arm (14, 34) connecting the first 
and the second cylindrical elements, and 
a substantially straight connecting rod (16, 38) 
connecting the first and the second cylindrical 
elements, whereby a force acting radially out- 
wardly may expand the stent (10, 30) from the 
first radial dimension to the second radial 
dimension. 

2. An intraluminal stent according to claim 1 , wherein 

at least one of the first (12, 12a 32) or second 
(12, 12b, 32) cylindrical elements comprises a 
coil having a sinusoidal shape with a plurality of 
peaks (18) and troughs (20). 

3. An intraluminal stent according to claim 2, wherein 

the articulated arm (1 4, 34) joins at least one of 
the cylindrical elements (12, 12a, 12b, 32) at a 
point on the sinusoidal coil at a location 
between a peak (1 8) and a trough (20). 

An intraluminal stent according to anyone of the 
claims 1 to 3, wherein the articulated arm (34) fur- 
ther comprises a section adapted for providing 
increased coverage of the body lumen tissue wall. 
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Claims 



An intraluminal stent for implanting in a body lumen, 
comprising 

a first cylindrical element (12, 12a 32) adapted 
for expanding from a first radial dimension to a 
second radial dimension; 
a second cylindrical element (12, 12b, 32) 
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An intraluminal stent according to claim 4, wherein 
the expansion section comprises a curved section 
(40) of deformable material 

An intraluminal stent according to anyone of the 
claims 1 to 5, wherein 

the connecting rod (16 ,38) extends between a 
peak on the first cylindrical element (12, 12a, 
32) and a peak on the second cylindrical ele- 
ment (12, 12b, 32). 

An intraluminal stent according to anyone of the 
claims 1 to 6, further comprising 

a graft formed about a surface defined by the 
first (12. 12a, 32) and second (12, 12b, 32) 
cylindrical elements. 

An intraluminal stent according to anyone of the 
claims 1 to 7, wherein the overall length of the stent 
(10, 30) in the first radial dimension is substantially 
the same as the overall length of the stent (10. 30) 
in the second radial dimension. 
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9. An intraluminal stent according to anyone of the 
claims 1 to 8, wherein the stent (10, 30) is formed 
from a substantially tubular body of material. 

10. An intraluminal stent according to anyone of the 
claims 1 to 9, wherein the stent (10, 30) is formed 
from a substantially flat sheet of material 

11. An intravascular stent according to anyone of the 
claims 1 to 10, further comprising 

a plurality of articulated arms (14, 34) and con- 
necting rods (16, 38) extending between the 
first and second cylindrical elements, thereby 
defining an exterior surface having apertures 
therethrough. 

12. An intravascular stent according to claim 11, 
wherein the apertures of the exterior surface are 
dimensionally adapted to provide wall support 

13. A method for forming an expandable intraluminal 
stent comprising the steps of 

providing a first cylindrical element adapted for 
expanding from a first radial dimension to a 
second radial dimension, 
providing a second cylindrical element adapted 
for expanding from a first radial dimension to a 
second radial dimension, and positioning the 
second cylindrical element adjacent and 
spaced away from the first cylindrical element, 
joining an articulated arm to the first and the 
second cylindrical elements, and 
joining a substantially straight connecting rod 
to the first and the second cylindrical elements. 



ing the steps of 

providing a sheet of biocompatible material, 
milling said sheet to form a pattern of sinusoi- . 
5 dal coils columns wherein each adjacent pair of 

sinusoidal coils columns is connected by an 
articulated arm and a substantially straight 
connecting rod. 

w 18. A method according to claim 17 including the fur- 
ther steps of 

providing said sheet of biocompatible material 
as a substantially flat sheet having a first and 
15 second edge, and 

joining the first and second edges to form a 
cylindrical body. 

19. A method according to claim 17 or 18, wherein the 
20 step of milling includes the step of chemically mill- 
ing the sheet of material 

20. A method according to claim 17 or 18, wherein the 
step of milling includes the step of laser milling the 

25 sheet of material. 
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14. A method according to claim 13, wherein the steps 
of providing first and second cylindrical elements 
includes the steps of providing at least one cylindri- 40 
cal element formed of a sinusoidal coil having a plu- 
rality of peaks and troughs 



15. A method according to claim 14, wherein the step of 
joining an articulated arm to the first ami the sec- 
ond cylindrical elements includes the step of 



45 



joining the articulated arm to a point on at least 
one of the sinusoidal coils at a location 
between a peak and a trough. so 

16. A method according to anyone of the claims 13 to 
1 5, wherein the step of providing an articulated arm 
includes the step of providing an articulated arm 
having a section adapted for providing increased ss 
coverage of an arterial vessel wall. 



17. A method of forming an intraluminal stent comprts- 
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